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Description
FIELD OF THE INVENTION

The present invention relates to an apparatus and
method for purifying bath liquids used for metal surface
cleaning by separation of dissolved metal cations there-
from.

BACKGROUND OF THE INVENTION

The present inventors had disclosed in Japanese
Patent Laid-open Nos. 304393/1992 and 354890/1992
a method for purifying a bath liquid by electrolysis. This
method employs an electrolytic cell provided with an ion-
selective diaphragm between the anode and cathodes.
According to this method, a bath liquid used for metal
surface cleaning is supplied to the compariment be-
tween the anode and diaphragm (referred to as the an-
ode compartment hereinafter). The bath liquid under-
goes electrolysis such that metal cations contained
therein migrate toward the cathode through the dia-
phragm by electrophoresis. Thus, metal cations are
separated and collected in the cathode compartment,
and finally they are removed by some means. This
method would be of great industrial use if the catholyte
to be circulated through the cathode compartment is
controlled such that separated metal ions are converted
into an easy-to-use form.

In connection with the foregoing method, the
present inventors proposed a method for disposing of
waste which occurs when a bath liquid used for metal
surface cleaning is treated, instead of direct discharg-
ing, to avoid environmental pollution. This method em-
ploys an electrolytic cell provided with one or two ion-
selective permeable diaphragms between the anode
and cathode. According to this method, a used bath lig-
uid is recycled to the anode compartment or the inter-
mediate compartment between the diaphragms. It un-
dergoes electrolysis such that metal ions migrate toward
the cathode compartment through the permeable dia-
phragm by electrophoresis. The metal ions are changed
into metal particles in the cathode compartment. Finally,
the metal particles are removed by a magnetic separa-
tor. This method offers the advantage of not only reduc-
ing the contaminant in the bath liquid but also recycling
the metal component from the bath liquid.

The above-mentioned electrolytic cell used for pu-
rifying a bath liquid suffers the disadvantage that the
metal particles formed in the catholyte cannot be re-
moved by a magnetic separator unless they are easily
magnetized. For example, divalent iron ions contained
in a bath liquid give rise to metal particles, such as triiron
tetraoxide, which are easily magnetized and removed
by a magnetic separator. By contrast, trivalent aluminum
or chromium ions in a bath liquid do not give rise to metal
particles which are easily magnetized.
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DISCLOSURE OF THE INVENTION

The present invention was completed to address
the above-mentioned problems involved in the prior art.
It is an object of the present invention to provide an ap-
paratus and method for purifying bath liquids of contam-
inants which do not form in the catholyte metal particles
which are easily magnetized in themselves.

According to the present invention, the apparatus
for purifying bath liquids comprises a plurality of reser-
voirs holding bath liquids containing metal ions, a plu-
rality of electrolytic cells, each having a cathode and an
anode separated by one or more ion-selective permea-
ble diaphragms, a plurality of passages for circulation of
the bath liquids through the bath liquid reservoir and the
anode compartment or the intermediate compartment
between the diaphragms, a catholyte reservoir in which
is stored and mixed the catholyte to be circulated
through the cathode compartment of the electrolytic
cells, and a magnetic separator to separate metal par-
ticles which have formed in the catholyte.

This apparatus is operated such that at least one of
the bath liquid reservoir holds a bath liquid containing
divalent iron ions and this bath liquid is circulated
through the intermediate compartment of the electrolytic
cell. The divalent iron ions migrate from the intermediate
compartment to the cathode compartment through the
diaphragm by electrophoresis. In the cathode compart-
ment, the migrated divalent iron ions change into parti-
cles of composite oxide composed of iron oxide (as the
nucleus) and other metal oxides resulting from migrated
divalent metal ions. These particles are easily magnet-
ized. The composite oxide is a magnetite compound
which is schematically represented by MeO-Fe203 (M
=divalent metal ion species). Its typical example is FeO-
Fe203 (Me = Fe), triiron tetraoxide. The composite ox-
ide particles form when the liquid in the cathode com-
partment has a specific composition and is mixed with
hydrogen (in the form of fine bubbles) which is evolved
from the electrode surface. The reaction under this con-
dition dehydrates the resulting compound. This method
differs from the known method of oxidation by air blow-
ing. The above-mentioned reaction needs high alkalin-
ity, high temperatures, and thorough mixing of solution
with hydrogen for dehydration from the compound.

According to the first aspect of the present inven-
tion, the method for purifying bath liquids comprises cir-
culating metal ion-containing bath liquids (of different
kind) used for metal surface cleaning through a plurality
of electrolytic cells, each composed of an anode and a
cathode separated by one or more ion-selective perme-
able diaphragms in such a way as to introduce the bath
liquid into the anode compartment or the intermediate
compartment between the diaphragms, electrophores-
ing metal ions contained in the bath liquid into the cath-
ode compartment through the permeable diaphragm, si-
multaneously circulating the catholyte into the cathode
compartment, thereby forming and coagulating easily
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magnetizable metal particles and hardly magnetizable
metal particles in the catholyte, and separating the co-
agulation using a magnetic separator. According to a
preferred embodiment, at least one of the bath liquids
contains divalent iron ions and this bath liquid is circu-
lated through the intermediate compartment through the
bath liquid passage.

According to the second aspect of the present in-
vention, the method for purifying a bath liquid comprises
circulating a metal ion-containing bath liquid used for
metal surface cleaning through an electrolytic cell com-
posed of an anode and a cathode separated by one or
two ion-selective permeable diaphragms in such a way
as to introduce the bath liquid into the anode compart-
ment or the intermediate compartment between the di-
aphragms, electrophoresing metal ions contained in the
bath liquid into the cathode compartment through the
permeable diaphragm, simultaneously circulating
through the cathode compartment the catholyte into
which easily magnetizable metal particles have been in-
troduced, thereby coagulating easily magnetizable met-
al particles together with hardly magnetizable metal par-
ticles which have been electrophoresed into the cathode
compartment, and separating the coagulation using a
magnetic separator.

By using the above-mentioned apparatus for puri-
fying bath liquids, it is possible to form easily magnetiz-
able metal particles and hardly magnetizable metal par-
ticles inthe catholyte ortointroduce easily magnetizable
metal particles into the catholyte. The metal particles co-
agulate in the catholyte, and the coagulation can be re-
moved using a magnetic separator. Thus the apparatus
makes it possible to easily separate metal particles
which cannot be magnetically separated in themselves.

According to the present invention, easily magnet-
izable metal particles and hardly magnetizable metal
particles are formed in the catholyte or the former is in-
troduced into the catholyte, so that they coagulate in the
catholyte and the coagulation is removed by a magnetic
separator. Thus the present invention permits one to
easily separate those contaminants which are hard to
separate by the conventional technology because they
are hardly magnetized in themselves.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic drawing showing the bath lig-
uid purifying apparatus pertaining to an embodiment of
the present invention.

Fig. 2 is a schematic drawing showing the bath lig-
uid purifying apparatus pertaining to another embodi-
ment of the present invention.

Fig. 3 is a schematic drawing showing the electro-
lytic cell of the bath liquid purifying apparatus pertaining
to an embodiment of the present invention.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment of the present invention will be de-
scribed with reference to the drawings.

The apparatus pertaining to the present invention
is shown in Figs. 1 and 2. The one (system A) in Fig. 2
is composed of a single electrolytic cell (1). The one
(system B) in Fig. 1 is composed of two units of the same
electrolytic cell as in system A. The structure of the elec-
trolytic cell (1) is explained below.

The electrolytic cell (1) is of so-called three-com-
partmenttype. Thatis, it is constructed of an anode com-
partment (3) provided with an anode (2) and a cathode
compartment (5) provided with a cathode (4), with said
compartments being separated by two diaphragms (6,
7). In other words, the anode (2) and cathode (4) face
each other with the two diaphragms (6, 7) placed be-
tween. The two diaphragms (6, 7) constitute an interme-
diate compartment (8) between them.

The anode (2) and cathode (4) are a flat plate meas-
uring 220 mm wide, 660 mm long, and 14.5 dm2 in area.
The cathode (4) is a 1.5-mm thick titanium plate of lath
structure. The anode (2) is made of either of the follow-
ing two materials. (a) A platinum foil-clad titanium plate
of lath structure. (b) Atitanium plate of lath structure with
melt coating of iridium oxide (Ir-O). Both anodes are uni-
formly supplied with electricity.

The lath structure is intended to increase the appar-
ent area of the electrode plate by perforating it and
stretching to form a rhombic pattern. If a 1.5-mm thick
plate is given cuts at intervals of 2 mm and stretched in
the direction perpendicular to the direction of cuts so as
to form a rhombic pattern, each rhombus measuring 3.3
mm wide and 6.8 mm long, the resulting electrode has
a surface area which is about 1.65 times that of the orig-
inal (unexpanded) plate. The increased apparent sur-
face area lowers the ratio of the substantially effective
areato the apparent area, and this leads to an increase
of load current density. This effect is significant in the
case of the platinum-clad anode (2), in which the effec-
tive area is 2 mm wide. However, this effect is not so
significant in the case of the cathode (4), in which the
surface formed by cuts also conducts electricity.

Between the anode (2) and the cathode (4) are
placed the diaphragms (6, 7), which are a cation ex-
change membrane having good chemical resistance,
low electrical resistance, and cation selective permea-
bility. Between the two electrodes (2, 4) inthe electrolytic
cell (1) is applied an electric current of 0.5-60 A/dm? at
a controlled voltage. The anode and cathode compart-
ments (3, 5) are supplied with a solution at a rate of 1.5-4
m3/h and a flow rate of 0.04-0.2 m/s, so that the gas that
is evolved on the electrode surface is efficiently dis-
charged. In this way the electrode surface is protected
from sticking and accumulation of substances which
have separated from the electrolyte.

In Figs. 1 and 2, there are shown a reservoir for acid
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bath liquid (10 (10A, 10B)) which holds the acid bath
liquid (11 (11A, 11B)) to be electrolyzed, a steel stock
(12 (12A, 12B)) to be cleaned by the acid bath liquid
(11), and a catholyte reservoir (13) which holds the
catholyte (14) to be supplied to both electrolytic cells.
The acid bath liquid (11) to be electrolyzed is circulated
throughthe reservoir (10) and the intermediate compart-
ment (8) of the electrolytic cell (1) via the acid bath liquid
passage (15 (15A, 15B). The catholyte (14) is circulated
through the catholyte reservoir (13) and the cathode
compartment (5) of the electrolytic cell (1) via the
catholyte passage (16 (16A, 16B). Part of the catholyte
(14) is pumped from the catholyte reservoir (13) and cir-
culated through the separating tank in which is installed
a magnetic separator (17).

The anode compartment (3) is supplied with the cir-
culating electrolyte (18) for protection of the anode (2).
In other words, the electrolyte (18) keeps the anode (2)
away from the acid bath liquid (11) being circulated
through the intermediate compartment (8). The result is
that the electrolyte is saved from degradation by oxygen
gas emerging from the anode surface and by contact
with the anode surface containing active groups.

The intermediate compartment (8) is constituted by
a metal frame which supports the diaphragms (6, 7) 8
mm apart, with a rubber gasket interposed between
each diaphragm and the metal frame. It is desirable to
place in the intermediate compartment (8) a baffle which
makes the flow therein uniform (thereby decreasing the
pressure loss) and prevents the diaphragms (6, 7) from
coming into contact with each other.

The composition of the catholyte (14) is such that
the material electrophoresed into the cathode compart-
ment (5) is hydrophobic enough to give rise to particles
which readily precipitate. For example, the catholyte
(14) is incorporated with Glauber's salt (ca. 120-150 g/
I) to impart conductivity and urea as a source of ammo-
nium ions. Urea gives rise to ammonium ions upon de-
composition at high temperatures on the surface of the
cathode (4). The amount of urea is controlled such that
the concentration of residual ammonium ions is
0.2-1.500 mg/l. The temperature of the electrolyte is
kept higher than 60°C. Electrolysis should be carried out
such that the concentration of insoluble matters electro-
phoresed into the catholyte (14) is almost constant be-
low about 1500 g/l, because at such concentrations the
separated insoluble matters easily grow in particle size.

In an experiment with system A which employs a
single electrolyte (1) as shown in Fig. 2, an acid bath
liquid (11), which is sulfuric acid containing 50 g/| of di-
valent iron ions, was circulated through the intermediate
compartment (8) of the electrolytic cell (1) while the
catholyte (14) of the above-mentioned composition was
circulated. As the result of electrophoretic separation, a
highly magnetic dispersion of triiron tetraoxide formed
in the catholyte (14). The dispersion was capable of sep-
aration by the magnetic separator (17). There were no
magnetizable particles suspending in the supernatant
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liquid left after separation. Thus the catholyte (17) was
recovered clear and the particles were separated by at-
traction to the magnet.

Another experiment with system A shown in Fig. 2
was performed on an acid bath liquid (11) containing
free phosphoric acid (in a large amount), hydrofluoric
acid (in a slight amount), trivalent aluminum ions (200
mg/l), and trivalent chromium ions (500 mg/l). Aluminum
and chromium ions are contaminants 1o be removed.
The acid bath liquid (11) was circulated through the in-
termediate compartment (8) of the electrolytic cell (1) so
that the metal cations are separated by electrophoresis
into the cathode compartment (5). It was found that in-
soluble matters formed in the circulating catholyte (14).
As the amount of the dispersion increased with time, the
catholyte (14) was introduced into the separating tank
to separate the dispersion. However, it was impossible
to separate the dispersion using the magnetic separator
(17), because the dispersion was not easily magnetized
and was composed of such small particles as to adsorb
water molecules.

An experiment was conducted with system B
equipped with two units of the electrolyte (1) as shown
in Fig. 1. An acid bath liquid (11A), which is sulfuric acid
containing 50 g/l of divalent iron ions as the major com-
ponent, was circulated through the intermediate com-
partment (8) of the first electrolytic cell (1). Simultane-
ously, another acid bath liquid (11B) containing free
phosphoric acid (in a large amount), hydrofluoric acid
(in a slight amount), trivalent aluminum ions (200 mg/l),
and trivalent chromium ions (500 mg/l) was circulated
through the intermediate compartment (8) of the second
electrolytic cell (1). The catholyte (14) of the above-men-
tioned composition was circulated through the cathode
compartment (5) of each of the two electrolytic cells (1).
As electrolysis went on, a highly magnetic dispersion
containing triiron tetraoxide formed in the circulating
catholyte (14). This dispersion was free from particles
which were not attracted by the electromagnet, in con-
trast to the case in which the electrolytic cell (1) was
used alone to electrolyze the acid bath liquid (11). Thus
it was possible to separate the circulating liquid into the
clear catholyte (14) and the substance attracted to the
electromagnet. The latter consists of particles of triiron
tetraoxide (which are easily magnetized) and particles
of aluminum and chromium (which are hardly magnet-
ized). Thus this experiment demonstrated that these
particles can be removed together by means of the mag-
netic separator (17).

A procedure was found to convert a nonmagnetic
substance containing aluminum and chromium into a
substance that can be easily separated from the
catholyte (14). This procedure employs system A
equipped with the single electrolytic cell (1) as shown in
Fig. 2. The acid bath liquid (11) containing divalent iron
ions as the major component undergoes electrophore-
sis to separate the magnetic substance (19) containing
triiron tetraoxide. The magnetic substance (19) thus
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separated is introduced into the catholyte (14) when the
acid bath liquid (11) containing aluminum and chromium
as the major components undergoes electrophoresis.
The mixing of the nonmagnetic separated substance
with the magnetic separated substance gives rise to a
mixture which is attracted to the magnetic separator
(17). If some nonmagnetic particles remain unremoved,
it is possible to remove them completely by introducing
the magnetic separated substance (19) more into the
catholyte (14). In the case where the amount of the non-
magnetic separated substance is small, it is possible to
produce the same effect as above by dispersing the
magnetic separated substance into the catholyte (14)
once again.

The above-mentioned procedure demonstrates
that if the dispersion that cannot be magnetically sepa-
rated in itself is mixed with the magnetic separated sub-
stance (19), the resulting mixture can be magnetically
separated.

Although the foregoing description deals with sys-
tem B equipped with two units of the electrolytic cell (1)
as shown in Fig. 1, the apparatus of the present inven-
tion may be made up of more than two units of the elec-
trolytic cell (1) and the acid bath liquid reservoir (10), so
long as it is constructed such that an easily magnetiza-
ble dispersion forms in at least one cathode compart-
ment (5).

The above-mentioned embodiments employ the
electrolytic cell (1) of so-called three-compartment type
in which there are two diaphragms (6, 7). However, the
number of the diaphragms may be increased or re-
duced, as in the case of the electrolytic cell (21) of so-
called two-compartment type shown in Fig. 3. In this
case, the acid bath liquid (11) is circulated through the
anode compartment (8). The foregoing embodiments
were mentioned with reference to the instance in which
the acid bath liquid (11) contains divalent iron ions and
triiron tetraoxide forms in the cathode compartment (5).
The present invention is not limited to them so long as
it is so constituted that an easily magnetizable disper-
sion is formed from any other acid bath liquid.

Claims

1. An apparatus for purifying bath liquids by separat-
ing metal cations dissolved in bath liquids used for
cleaning metal surfaces, said apparatus comprising
a plurality of reservoirs holding a bath liquid con-
taining metal ions, a plurality of electrolytic cells,
each having a cathode and an anode separated by
one or more ion-selective permeable diaphragms,
a plurality of passages for circulation of the bath lig-
uid through the bath liquid reservoir and the anode
compartment or the intermediate compartment be-
tween the diaphragms, a catholyte reservoir in
which is stored and mixed the catholyte to be circu-
lated through the cathode compartment of the elec-
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trolytic cells, and a magnetic separator to separate
metal particles that have formed in the catholyte.

An apparatus for purifying bath liquids as defined in
Claim 1, wherein at least one bath liquid contains
divalent iron ions (Fe2+) and this bath liquid is cir-
culated through the intermediate compartment of
the electrolytic cell via the bath liquid passage.

A method for purifying bath liquids by separating
metal cations dissolved in bath liquids used for
cleaning metal surfaces, said method comprising
circulating the metal ion-containing bath liquids
through a plurality of electrolytic cells, each com-
posed of an anode and a cathode separated by one
or more ion-selective permeable diaphragms in
such a way as to introduce the bath liquid into the
anode compartment or the intermediate compart-
ment between the diaphragms, electrophoresing
metal ions contained in the bath liquid into the cath-
ode compartment through the permeable dia-
phragm, simultaneously circulating the catholyte in-
to the cathode compartment, thereby forming and
coagulating easily magnetizable metal particles
and hardly magnetizable metal particles in the
catholyte, and separating the coagulation using a
magnetic separator.

A method for purifying bath liquids as defined in
Claim 3, wherein at least one bath liquid contains
divalent iron ions (Fe2+) and this bath liquid is cir-
culated through the intermediate compartment of
the electrolytic cell via the bath liquid passage.

A method for purifying a bath liquid by separating
metal cations dissolved in a bath liquid used for
cleaning metal surfaces, said method comprising
circulating a metal ion-containing bath liquid used
for metal surface cleaning through an electrolytic
cell composed of an anode and a cathode separat-
ed by one or more ion-selective permeable dia-
phragms in such a way as to introduce the bath lig-
uid into the anode compartment or the intermediate
compartment between the diaphragms, electro-
phoresing metal ions contained in the bath liquid in-
to the cathode compartment through the permeable
diaphragm, simultaneously circulating through the
cathode compartment the catholyte into which eas-
ily magnetizable metal particles have been intro-
duced, thereby coagulating easily magnetizable
metal particles together with hardly magnetizable
metal particles which have been electrophoresed
into the cathode compartment, and separating the
coagulation using a magnetic separator.
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Patentanspriiche

1.

Vorrichtung zur Reinigung von Fllssigkeiten, durch
Trennung von Metallkationen, die in einer Fllssig-
keit geldst sind, die zur Reinigung von Metallober-
flachen verwendet worden ist, wobei die Vorrich-
tung eine Anzahl von Vorratsbehaltern umfaft, die
eine metallionenhaltige Fliissigkeit enthalten, eine
Anzahl elektrolytischer Zellen, von denen jede eine
Kathode und eine Anode aufweist, die durch eine
oder mehrere ionenselektiv durchldssige Membra-
nen getrennt sind, eine Anzahl von Leitungen, um
die Flissigkeit durch den Vorratsbehalter fur Flis-
sigkeit und den Anodenraum oder den Zwischen-
raum zwischen den Membranen umzuwalzen, ei-
nen Vorratsbehalter fir den Katholyt, in dem der Ka-
tholyt bevorratet und gemischt wird, der durch den
Kathodenraum der elektrolytischen Zellen umge-
walzt werden soll, und einen magnetischen Sepa-
rator, um die Metallpartikel, die sich im Katholyt ge-
bildet haben, abzutrennen.

Vorrichtung zur Reinigung von Flissigkeit nach An-
spruch 1, wobei zumindest eine Flussigkeit zwei-
wertige Eisenionen (Fe2+) enthélt und diese Flis-
sigkeit durch den Zwischenraum entlang der elek-
trolytischen Zelle durch Leitungen fir Flussigkeit
umgewalzt wird.

Verfahren zur Reinigung von Fliissigkeiten durch
Abtrennen von Metallkationen, die in Fllissigkeiten
zur Reinigung von Metalloberflachen geldst sind,
wobei das Verfahren beinhaltet, da3 metallionen-
haltige Flissigkeiten durch eine Anzahlvon elekiro-
lytischen Zellen, die jeweils aus einer Anode und
einer Kathode aufgebaut sind, die durch eine oder
mehrere ionenselekliv durchlassige Membranen
getrennt sind, in der Weise umgewalzt wird, daB3 die
Flassigkeit in den Anodenraum oder den Zwischen-
raum zwischen den Membranen eingeleitet wird,
die in der Flussigkeit enthaltenen Metallionen elek-
trophoretisch durch die permeable Membran in den
Kathodenraum Gberfihrt werden, wobei gleichzei-
tig der Katholyt in den Kathodenraum umgewalzt
wird, wodurch leicht magnetisierbare und schwer
magnetisierbare Metallpartikel im Katholyt gebildet
und koaguliert werden, und das Koagulat mit Hilfe
eines magnetischen Separators abgetrennt wird.

Verfahren zur Reinigung von Flussigkeiten nach
Anspruch 3, wobei zumindest eine Flissigkeit zwei-
wertige Eisenionen (Fe2+) enthalt, und diese Flis-
sigkeit Uber Flissigkeitsleitungen durch den Zwi-
schenraum der elekirolytischen Zelle umgewélzt
wird.

Verfahren zur Reinigung von Fliissigkeiten, bei wel-
chem in einer zur Reinigung von Metalloberflachen
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verwendeten Flissigkeit enthaltene Metallkationen
abgetrennt werden, wobei das Verfahren beinhal-
tet, daB eine zur Reinigung von Metalloberflachen
verwendete metallionenhaltige Fliissigkeit in der
Weise durch eine elektrolytische Zelle, die aus einer
Anode und einer Kathode aufgebaut ist, welche
durch eine oder mehrere ionenselektiv permeable
Membranen getrennt sind, umgewalzt wird, daf3 die
Flissigkeit in den Anodenraum oder den Zwischen-
raum zwischen den Membranen eingeleitet wird,
die in der Fllussigkeit enthaltenen Metallionen elek-
trophoreti-sch durch die permeable Membran in
den Kathodenraum uberfihrt werden, wobei gleich-
zeitig der Katholyt, dem leicht magnetisierbare Me-
tallpartikel beigegeben wurden, durch den Katho-
denraum umgewalzt wird, wodurch die leicht ma-
gnetisierbaren Metallpartikel mit den kaum magne-
tisierbaren Metallpartikeln, die elektrophoretisch in
den Kathodenraum Uberfihrt wurden, koagulieren,
und das Koagulat mit Hilfe eines magnetischen Se-
parators abgetrennt wird.

Revendications

Dispositif de purification de bains liquides par sépa-
ration de cations métalliques dissous dans des
bains liquides servant a nettoyer des surfaces mé-
talliques,

caractérisé en ce qu'

il comprend :

un certain nombre de réservoirs remplis d'un bain
liquide contenant des ions métalliques, un certain
nombre de cellules électrolytiques comportant cha-
cune une cathode et une anode séparées par un ou
plusieurs diaphragmes perméables sélectifs aux
ions, un certain nombre de passages pour assurer
la circulation du bain liquide a travers le réservoir
de bain liquide et le compartiment d'anode ou le
compartiment intermédiaire entre les diaphragmes,
un réservoir de catholyte dans lequel est stocké et
mélangé le catholyte qu'on doit faire circuler a tra-
vers le compartiment de cathode des cellules élec-
trolytiques, et un séparateur magnétique pour sé-
parer les particules métalliques qui se sont formées
dans le catholyte.

Dispositif de purification de bains liquides selon la
revendication 1,

caractérisé en ce que

au moins un bain liquide contient des ions fer diva-
lents (Fe2+), et I'on fait circuler ce bain liquide a tra-
vers le compartiment intermédiaire de la cellule
électrolytique en le faisant passer par le passage
de bain liquide.

Procédé de purification de bains liquides par sépa-
ration de cations métalliques dissous dans des
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bains liquides servant a nettoyer des surfaces mé-
talliques,

caractérisé en ce qu'

il comprend :

la mise en circulation des bains liquides contenant
des ions métalliques pour les faire passer a travers
un certain nombre de cellules électrolytiques com-
posées chacune d'une anode et d'une cathode sé-
parées par un ou plusieurs diaphragmes perméa-
bles sélectifs aux ions, de maniére a introduire le
bain liquide dans le compartiment d'anode ou le
compartiment intermédiaire entre les diaphragmes,
I'électrophorése des ions métalliques contenus
dans le bain liquide passant dans le compartiment
de cathode a travers le diaphragme perméable, la
mise en circulation simultanée du catholyte pour le
faire passer dans le compartiment de cathode, de
maniére & former et coaguler ainsi des particules
métalliques facilement magnétisables et des parti-
cules métalliques difficilement magnétisables, dans
le catholyte, et la séparation du produit de coagu-
lation en utilisant un séparateur magnétique.

Procédé de purification de bains liquides selon la
revendication 3,

caractérisé en ce que

au moins un bain liquide contient des ions fer diva-
lents (Fe2+), et I'on fait circuler le bain liquide a tra-
vers le compartiment intermédiaire de la cellule
électrolytique en le faisant passer par le passage
de bain liquide.

Dispositif de purification d'un bain liquide par sépa-
ration de cations métalliques dissous dans un bain
liquide servant & nettoyer des surfaces métalliques,
caractérisé en ce qu'

il comprend :

la mise en circulation d'un bain liquide contenant
des ions métalliques, et servant a nettoyer une sur-
face métallique, en faisant passer ce bain liquide a
travers une cellule électrolytique composée d'une
anode et d'une cathode séparées par un ou plu-
sieurs diaphragmes perméables sélectifs aux ions,
de maniére a introduire le bain liquide dans le com-
partiment d'anode ou le compartiment intermédiaire
entre les diaphragmes, I'électrophorése des ions
métalliques contenus dans le bain liquide passant
dans le compartiment de cathode a travers le
diaphragme perméable, la mise en circulation si-
multanée, a travers le compartiment de cathode, du
catholyte dans lequel ont été introduites des parti-
cules métalliques facilement magnétisables, de
maniére & coaguler ainsi des particules métalliques
facilement magnétisables en méme temps que des
particules métalliques difficilement magnétisables
ayant été soumises & une électrophorése, dans le
compartiment de cathode, et la séparation du pro-
duit de coagulation en utilisant un séparateur ma-
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